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Starting from the pioneering paper by Anderson, 1 much progress has been achieved in the study of one-dimensional ͑1D͒ tight-binding models. This model includes a wide range of different physical situations lying in between two limit cases: periodic lattices where all states are extended, and completely random lattices where any state is localized. Specific interest has been paid to the so-called pseudorandom potentials which demonstrate either localization or delocalization, depending on their parameters.
2 A widely used model is described by the Harper equation with the site potential V n ϭ⑀ cos(2␣n). For ␣ irrational, the incommensurability of the potential gives rise to a localizationdelocalization transition ͑for all states͒ when the amplitude ⑀ passes through the critical value ⑀ cr ϭ2, see e.g., Ref. 3 . For fixed ⑀ the energy spectrum exhibits the famous Hofstadter butterfly when ␣ scans the interval ͓0, 1͔. There is a close analogy between the propagation of electrons through a crystal, and of light through periodic arrangements of scatterers, called ''photonic crystals,'' because of this correspondence. In our group, this analogy was used for the experimental observation of the Hofstadter butterfly. 4 For a long time a coexistence of localized and extended states in 1D potentials was considered to be impossible. However, it was shown in Ref. 5 that a discrete set of delocalized states appears if short-range correlations are introduced in a random potential. Discrete extended states have been observed in the experiment with GaAs-AlGaAs random superlattices. 6 A general case of 1D potential with arbitrary correlations was considered in Ref. 7 . A direct relation between the pair correlation function and the localization length has been derived. This relation shows that the mobility edge does exist in 1D geometry. The potentials considered in Ref. 7 necessarily contain the long-range correlations which thus give rise to a continuum set of delocalized states, and thus to a mobility edge.
In this letter, we exploit the analogy between the propagation of quantum particle and electromagnetic wave, in order to demonstrate the existence of the mobility edge in 1D geometry. The experimental setup is shown in Fig. 1 . It is the same as has been already used in the microwave realization of the Hofstadter butterfly. 4 From the top of a waveguide of a total length of 2.15 m, 100 m screws can be turned in. By varying the lengths of the screws different scattering arrangements can be realized. Complete information about the scattering matrix of a given arrangement is obtained via antennas 1 and 2 at the ends of the waveguide using a Wiltron 360B network analyzer. The transmission was measured in the single-mode frequency range from min ϭc/2aϭ7.5 GHz up to max ϭc/aϭc/2bϭ15 GHz. The wave number in the guide is given by kϭ(2/c)ͱ 2 Ϫ min 2 . In all figures below, the transmission is plotted as a function of kd/ within the first Brillouin zone. Only the range 0.3Ͻkd/ is reliable because of higher absorption at low frequencies. 4 If the screws are approximated by delta scatterers, the propagation of a single mode in the guide is described by the wave equation for the Kronig-Penney model,
Here, the wave function is associated with electric field of the TE mode, and the energy is given by Eϭk 2 . We rewrite Eq. ͑1͒ in the discrete form for n ϵ(z n ), nϩ1 ϩ nϪ1 ϭ͓2 cos͑kd͒ϩU n kd sin͑kd͔͒ n . ͑2͒
The potential U n ϭ⑀ϩ⑀ n is split into two parts, which mean value ⑀ϭ͗U n ͘ and fluctuations ⑀ n .
Equation ͑2͒ is equivalent to the tight-binding model, nϪ1 ϩ nϩ1 ϭ(Eϩ n ) n , with energy E→2 cos(ka) ϩk sin(ka) and random potential n →k⑀ n sin(ka 
Here, m is the binary correlator and the phase is given by the dispersion relation 2 cos ϭ2 cos͑kd͒ϩkd⑀ sin͑kd͒, 0рр. ͑5͒
Relation ͑3͒ is a starting point to obtain the conditions under which the mobility edges exist for 1D random potentials. The relation reciprocal to Eq. ͑4͒ gives the correlator m if the dependence ͑͒ is known,
Now the problem is reduced to the construction of potentials possessing given correlators. Leaving details, we give here the final formula for a set of random potentials.
͑8͒
Here, Z n are random numbers with mean zero and variance one. It is easy to check that the correlator of the site potential ͑7͒ coincides with the Fourier coefficient ͑6͒. Equations ͑3͒-͑8͒ give an explicit solution of the inverse problem, since they reconstruct random potentials from the dependence l(E). The existence of the sharp mobility edges means that the function l Ϫ1 (E) has a finite number of derivatives at the corresponding energies. Then, the Fourier coefficients ͑6͒ decay slowly, m ϳm Ϫ(ϩ1) for mӷ1. This means that mobility edges are due to the long-range correlations in the random potential. Numerical data for the case when ͑͒ is a step-function 7 (ϭ0) show that the localization length, indeed, reveals sharp mobility edges. Mobility edges obtained recently for self-affine potentials 9 are also due to the longwavelength component of the correlation function.
Let us now construct a random potential which results in the following function ͑͒ ͑we chose this function to be symmetrical with respect to the point ϭ/2͒:
Here, C 0 2 ϭ/2( 2 Ϫ 1 ) is the normalization constant. This dependence exhibits four sharp (ϭ0) mobility edges. Their positions are given by two pairs of roots of Eq. ͑5͒ with ϭ 1 and ϭ 2 . Using Eq. ͑8͒, one obtains ␤ 0 ϭ2C 0 ( 2 Ϫ 1 )/ and ␤ m ϭC 0 ͓sin(2m 2 )Ϫsin(2m 1 
)͔/(m).
Experimentally, it is difficult to measure the localization length directly. The accessible quantity is the transmissivity t N . To calculate t N for the N-site sample numerically we used a Hamiltonian approach. 10 A sequence of scattering strengths ͕⑀ n ͖ of the length Nϭ10 4 was generated by calculating ␤ m with 1 /ϭ0.2 and 2 /ϭ0.4, and substituting the result into Eq. ͑7͒. Figure 2͑a͒ shows the numerical result for transmission for ͱ ͗⑀ n 2 ͘ϭ0.1 and ⑀ϭϪ0.1. This value for ⑀ was obtained from Eq. ͑5͒ by adjusting the width of the allowed band to the experimental data. Experimental data are shown in Figs. 2͑a͒ and 2͑b͒ . The mobility edges are clearly seen near the points kd/ϭ0.38, 0.57, and 0.76, which are the roots of Eq. ͑5͒ with /ϭ0.4, 0.6, and 0.8 on the righthand side. The transmission spectrum ends at the band edge, kd/ϭ0.91 for ϭ. Data below kd/ϭ0.2 are not shown because of strong absorption at low frequencies.
We have also calculated and measured the transmission through the potential which is complementary to the previous one. Namely, it is transparent in the regions 0.2Ͻ/ Ͻ0.4, 0.6Ͻ/Ͻ0.8, and untransparent otherwise. The results are shown in Figs. 3͑a͒ and 3͑b͒ for the same parameters ⑀ 0 , ⑀, and N as above. In this case, again we obtain reasonable agreement between numerical and experimental data for the positions of the mobility edges.
In the experiment we used a segment of the length of Nϭ500 from each of the random sequences in order to create the appropriate scattering arrangements in the waveguide. The ⑀ n were mapped into screw lengths by identifying the minimum ⑀ n value with a length of 0 mm and the maximum value with a length of 3 mm. The average screw length of 1.5 mm determines the width of the Bloch bands 4 and yields an upper-band edge at kϭ0.9/d. This mapping procedure ignores the phase shift due to the scatterers, which probably is responsible for the negative value of ⑀ ͑see above͒. Five measurements were performed with each random sequence. In one measurement a transmission through a realization of 10 2 scatterers has been measured. The dotted lines in Figs.  2͑a͒ and 3͑a͒ show the results of a single measurement, the dashed lines representing the results of averaging over all five measurements. The expected transmission pattern is already visible. But we can do even better. Since in each measurement the complete 2ϫ2 scattering matrix S n (n ϭ1,...,5) has been obtained, the corresponding transfer matrix T n is available as well. Then, the total transfer matrix T is the product, Tϭ͟ nϭ1
5
T n . Thus, it is possible to study the transmission through a long sequences of scatterers with a setup containing only 10 2 of them. Figures 2͑b͒ and 3͑b͒ show such transmission spectra. In both cases the expected transparent and nontransparent regions are clearly reproduced.
As a check, we studied the transmission through the uncorrelated sequence of 500 scatterers and obtained that tN is approximately 100 times smaller than that for the correlated sequences within the transparent region.
We would like to stress that it is far from evident that the predicted intricate interference patterns evoked by the correlated disorder survive the experimental realization. There are several reasons to doubt this: ͑i͒ In the theory, the disorder has been treated in the quadratic approximation, which is definitely not justified in the experiment because of rather strong scattering by the screws. ͑ii͒ The equivalence between Eq. ͑1͒ and the wave equation in a single-mode waveguide is only approximate. 4 ͑iii͒ The mapping of the potential strengths to the screw lengths only lacks any theoretical foundation and is mainly justified by its success. ͑iv͒ Only 100-500 scatterers were available in the experiment, whereas 10 4 sites were used in the numerical simulations. There is a considerable possible technical potential in the correlated disorder, maybe not in the context of microwaves, but surely in connection with optical fibers. It allows us to tailor arbitrary transmission structures, and to compensate unwanted frequency dependencies. But, a prerequisite for any technical application is that the technique is robust. The experiment has demonstrated that this is the case. 
